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K 8643 

CXa=\rE PE3MIMILITY AND 6SlftSEC0»rt!LV ITODOT OIL 

ihis iTivraxtion related to re^TovRrincf oil, fxom & suJjftQrranean 
oil shiilo by iTKiinfl of a ccavSootiw i^at drive pmneiBs), Metre 
iwticularly, thiS invent-lon lelates to treatiTtg a relcttively thj.ck^ 
BTd substantially ccftf^letely iirpaTmeabhe scDstorraxic^ oil Bhaie by 
moans of ^. onndi]ctlvc boating {>toreflE» which both creates a 
penaaablQ zone within a selectfid portico of t}*je ni 1 sha.\e aivcl 
subdsquKeiKtly ptDduoes shala oil liydroceurbons. 

A perneabilify-aidsd type trf conductive lieat 6bci.v& £br 
prcyJuciJiq oil frcro a sistoterranean nil shal.-e invented in Sweeten 
iTy F.L^ungfttr^uem. That pororesar 'vrftiich waa iji\'ented abnut 40 year 3 
ago* \«a3 comiarcially uead en a sirall scale tho IdSOg. It is 
dfii^iribacs in Swedish Patents No&* 121,737> 123, L36? 123,137; 
123,138; 125,712 ani 126,674, in Uftltad States Patent No- 
2/732,195, and in normal articles such ass "CJndergroiinia Sl^le Oil 
P>'£olysls According to tlie Toungstrooici Matbod" , Vbluna 7A 
(1353) No, 3, pagas Ufi to 123, ana "Net Buargy RGCOVoriets T^e 
In Situ riifilfictrlc HesatlJig of Oil Shale", Oil Shale S^-mwsium 
PiooecdLigfi 11, paqe 111 to 330 (1978)* In the SA-ediah prcxTeeEi, 
\&9t 1n7eced.cn wells and fluid pnoducln? vrells were ccet^lfited 
^'ithin a penreable ]i&ar-surfaca oil ahale fdrmaticn 90 that tliero 
was Ic^ss than a three-cnetra 9eparatlcci betuo^n tha barehslea^ Ve\& 
)iaat injecti<m wells veie equipped with elactx.\cal or othsx heating 
olciDQiits \Mich were suxzouiu3ed by a mass of matic^rial, such as send 
or cacnent, arrangsd to transmit heat into tha oil inhale vhile 
preweantiiig any ixiflcwinq or outfljowing oi fluid. In the oil shale 
for which tiie SMdish i.trooaEs deaigned a))d tested^ thid 
pfancmeabillty was sudti that, dts© to a coEitinooua inflowing of ground 
g^^ter, a continuous puotping-^sat of water \ais nead^i to avoid 
^Yisting enargy by eva^iaratli^g tl^t water. 

With respect to .aubatantially coavletoly iitporrnaable. 
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i-H.latively cyap find j^cjIaU.vciy thiiiX oil cJuiie ctepoHits, such ub 
t}ios« vu tlic Picearce Iiafii.a ii\ ttje Uin<«i3 stato«, the posstn^^ility 
o£- utiliz-iixf A cciiductivH hieatli^ yrooabs fnr produolxxj ail was 
prEwiotiaiy caiisiA^recl to be — aoooGcdLriti tis prior tco^ctiirxfB And 
beiiefs — fvyTncciU-caLly urjfeasdhle. 1^ exinrple, in tha 
ahcwe-idcntified 0.tX GI^aIo SyiipoBvuni* the LjurwyBtroem imxsoaa is 
characusrizod cm □ proves;? which ^^siiccessluliy r&acfvm^ ohaLc 
oii by embedding tLibular e.ldcLricai heritting elatciits within 
higl^-^racie shale deixsoits. Thia TOLhod r^aliad oei ordinfuy t}ianra.l 
diffusiotfi for abakle Iv^titi/uj, v<hichf oourfiSp reqiiires Lai^ju 
tecrpgratvrQ gm^ients. 'ntus, heating t^s \7«ry iian-unifocnn?_ months 
wgj:© required to fuliy r^etorc sitall xtxxn-fjize tolockc of ahale. 
AlsOf WLicai liaat w:ergy uvis waatsid rin imdbrliEiating tlie chaie zeginn» 
bryonrl thfi psrijphery of tlte retcirt-jpg ^cflfie taiid c^'erhefiUijig the 
siiaiE} closest to t}i« heat Dource. Thet Utter iDroblan iw especial Ly 
ijifxiL-tant in the ca&e of TVesuaini slialtjs, ain^e theraiel aneiiqy i.n 
cverhaated zanes, cannot b» fully rcccvcr^ by difiiisd.ar> duo to 
cndothotndc rEactioiw whid^ take pUce abovo akxy^t $00 'C\'* fpa^tje 
313) . 

Iij Aubgtantially irr^rneable- typea of nelatively thick 
fidilAferraTiean oil shale farnHt.i.cc3S/ tha creatiitg and maiittaininy of 
a pcjcinc^ibijH ibooe iJ^jxxagh whldi ttie pyrolysis prtxiucta can be flowed 
liaa been founJ to be a .severe pruJjiem, In u^i Fatart Nb* 3, 468/ 376 # 
it is atatpr* (in cola, 1 and 2) that "'^y£>r& are two iocchanlsica 
ijivolved ill the transport of iieat througli the oii ahaie. Heat i3 
trarcsferrod thixjugh the solid imss of oil shale by cccidLiction, Hlvj 
boat is aiaa traitaferrod }jy cxanvectfioii uixrough the solid irass of 
oii Bhale. 'ite traatsiEr of heat by ocmriuctinn ig a relatively alow 
proottfiii. The average DheuOiil wcanductivity and avtiroye tbei-wai 
diffnsivity of oil shale are aJx3wt thoaa of a firebricfc. The matrix 
of: enljd oil shaia has an eKtrecnely low pentBs^lllty nuch lite 
unf;latred poQnaftlaJ.a, As a jJeauit, the ccwrccti\ia transfer of hjoat ic 
liinitta:3 trj heating by fluid flotcB cbcaincd iti open channels which 
travcriia tha oi.l shale. 'JhGfi& flow channels nay natural ajtd 
a>:tifloially induced fracturec. On hRatii'ig* a layer ol: 
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pyxolyzfid oil sl^Ie baiilclg adj&oetit the cbamccl. 'Dds layert i.a daii 
iixtfgfljiic Turineral itiatrix which cantA'uui var^n.r^ clogroee of cnrlxn. 
■j:Tie Isycr i& an evcr-expandirjg barrier ti> lieat f I.cw frcxn th* 
heating TluiJ in the chaaanal." The patent is dijHcted to a ptcxkhr 
for cnrculatijKj hHaterl oil (sJwila-pynoTyzing fluid through a flow 
charro] while Adding abrasive pL*irticlps \x> tl'je circiiiating fluid to 
erode th^ layer ot pyxtUy^ad oil shiila haing foncfid iidjarent to tlio 
cheuirj&l. 

A].thoiygh the thqaxnal cooductivit^' and thoflciti diffitsivity of 
/TKuiy aubterrAnoan oil shales are, in fact, rolati\'<&ly aojw.lax to 
those of unglajed porcGlaiu wd firchclck, US Patent Ife 3,237,689 
postulates that '*a rapid acK'atiDB of a Ivaat fiont" (CcO.. 3, lina 7) 
can bR obtaiJicd by exxrhanging haat bstwaen the oil shale aiid. a 
xiuclfioi: i-eactor cooling f luici and daarrd-beg syctcms for u^lng guch 
reactors either located on the earth's aarfaca or in tJu? dII ahale 
deposit. 

IJS Patdtit No, 3,2b4,2fll tsays* (at Col. ip ili^ea 3-21K "Hha 
projtuction of oil fi-cni oil shale, by baatiiig tba ehale by various 

guK^ as ... an el&7bricol retjiatarra heater . . . has been 
Atteitptfid with littlo fiuccEsp, , . . Fracturing o± the shalo oil 
pcL-ior to the applicaticai of heat thereto by in situ oorbustion or 
other means has baan practliwd witii little success because the 
shale awe3,l3 upon lioatinq with caaisequent pertiaX or oonplete 
olosuro of the fractures^. The patent describes a pmceae o£ 
eaqiieiitially h^eating {and thus selling) the oil shale, then 
injecting fluid to liiydraulically fracburo the s»o11pj\ shale • then 
rapaatij'^ t]io3Q crtepa uiTtiX a hsat-Btahle fracture has been 
prpp&gated into a production wall, 

13S Patont ND« 3,453/383 deeoribee the cKxnxnulatiaa of 
partially dspleted oil ehale fxagmesxts within a f loff chanxol such 
as a horizcaital f racituro being held open by tlie fs^eanre of tJ» 
fluid within the cheaTircl- Ttie patent disclosos that if the channel 
roof is iiftM to 0!a4nUin a flow path aba^ svci\ a layer of 
(Jeplftted 5hale, the cA-erlyiJig foctifcitiona must be tent arvd, without 
pve^autions, will hsnd to an extent causing fractures to e>Aend up 



to fhn siirfacc of the «aryi, TYe patent id fUrwttod to a proceflfl of, 
inrtemd-ttftni Jy rocluoinq the pcMsurc an the fluid wltMn audi aa 
fracture to aiitM tha weight o£ tin? ov^octourdon ta <:rugn and oontpcict 
the layer of dspOeftJoi 3hal€U 
5 In a si<jnificaitt porti.oci <if sudsstantliOJy innpenaeable aiv3 

rxrlAtivBly thidc ail ahalft deposits , buch aa tl^s^e in the Pic^aance 
Basin, d valuable neaouroo at aXxza^xim is pi^esent in ths loxm ocf 
daMSonite. In US Patent No. Jp3^^,97Si dln^ctai to reoovorijig 
aluTcdniun valued from retorted oil atstlRH vhijcd\ ha\r« baan inlncd cut 

IQ fxain Buch deposits, it I9 pcJlntcd oat thn,ti \n a sabstontiai 

absonoe gf v^ter, at tE»v^^'*=it^3 dboat L300 the dAOMtiorjite I9 
oanvortfid to crystalliTie fiodiiim alxjrcimto. Such a water^frae 
retortiiig can daoai^jose dolcailte in the shale- to produca carbon 
dicKide^ calcitCr ^snd njagnesium 0Kic3a so tUat nagocsiuoa axida 

]^ caibinaa with part of tha ailicdn dioodde in ths 9lialc«, in maruier 
remitting a higher reoo^^^ery q£ the aluminium valua-fi hy a ljoad\irj9 
process. US Pcitant N6« 3^502,^72, directed to utillzij>9 solution 
miiiiTsg to Xttoovor daw6onite« Ijidlcsatea that vchars th£i pyrolyni? 
«f fiect^ by an agueuua fl\iic1« aci ateait or the prodisoter of 

2Q undar^rtnmEl ooRtustlonr it Tiaiet te ccnductod at a low ten^raturia 
and tliu9 jftUatively alonrlyf to avoid oonvertiiig tlic (SawisGnite and 
othav soluble aluiciiniun ocopoonds to sua iiiRoluble matjcrlal s^jch aa 
analcitei. In tJS patent Nj- 3,572,838, a similar relatiTOly low 
tea^seraturfl pyrolyaaa la altomated vfith injections of an aquaoua 

23 aH^line fluid oont&itdjig an acid'^ihsoluhla chalatiiig agent to aid 
ill Iciaching dawaonite witJiout fonnlng soctk Ini&olubla material 3» 

iTha presont invention relates to a procaBs tac oonducti^ly 
lieating a adbterrana»\ oil dhal» fiontatlcn in a mmer arranged tar 
produ c ijng oil f£cm a Subterranean oil shaUi focneitioa wixich ia^ 

30 iiiitially, !=n3b3tantlaliy in^ennBable. m Accnrdanoe vith this 
ijWQtitica, the pocctir»i of oil ahala cteposit to be tuaated is 
aelecta-J, on th« ta3la of ths variations vith depth Ija th» 
ccaEfC0ition an ijccpartiee of its oorapanentei to hav.<c propartiea 
capable ot interacting in a nanncr whidh anhancea t\\s imifunnity of 

^5 the heat fxoiita to an axtent lijititing tha tiiie and a^eigy 
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oxpeadlturas pro^Jucing tha oil to valu « equivalent to lc»8 than 

tha value ot Uia oil whlcli Is pro(3«c«4, Tho aelection of the 

treatnant interval la ba«4d on tha gr-^d^ and thlckne&5 o£ tha 

portign of oil sbdla depoBlt to b« treated And the enhaoceftfint it 

pcovldea amounts tu reducing thd anouat ot heat energy lo6t duo to 

exotharmic 9lde roactionii and Incrvaslng the amotint oi oia 

recovered from a <;rivan grade o£ oil ahale. 

iti accovdaoce \fith this invention ttt Least tvo v^lla are 

completed Into a au2>terranaan oil a^ale treatment interval which 

10 1& eubataeatially imparnieabld, oontaina siu^etaatiallY Tto uobile 

water^ is at lea^it about 30 m thlok, ia capa]t>le o£ daxi£lciing fluid 

at procees preaaure^ at leabt subatantlally vtthln the tre&t»axit 

inteirval, and oontalnn a qradc and thickness of oil ehale such 

that the average sr^ade in gallons ot oil plus {rat equivalent ]par 

ton by Fiaoher Airaay ia at leaat about iO and the product of the 

^rade tiitie« the thlcStneaB in netreir of the oil shale ia at least 

about 900. 

ThuSr the present invention provides in a process in 
which cll Is produced €roa a ivuhtarranean oil shale deposit by 
20 extending at least on# each of heat-injecting and f iuld-^producing 
KeUs into the depoatt, establiahing a heat-conductive filuld- 
Impernestble barrier b^tvaen the interior of each heat- in j acting 
TH&IX and the adjacent deposit, and then heating tha Interior ot 
«ech heat-Injecting ^ell at a taiOLperature sufficient to 
coLiductlvelv heat oil shale kerogen and cause ipyrolyaia products 
to tctiii fractures vithin the oil shale deposit through vhlch the 
pyrolyHia prodacts are dlaplaced into at least one prcd^c^lon 
wall^ an iiaprovement for enhancing tha unlforniity ofi tha heat 



m 



fronts DLovln9 through tho oil sbail6 deposit » which cQ%prls«8r 
determiniag varlationa with dapth in the cowpofiition and 
properties ot th« «il a»ial« deposit; 

completing said heAt-in jecting And iluid*pTQduclng kella 
B&iectlvely into a treataiAnt interval of oil ehale in which 
the oil shale deposit {a) is at least ftbout 30 m thlckr (b) 
ie substantially impermeabls a^nd free of mobile vater, 
[c) has a cofltposition aud thlclcneas such that th« product of 
the average tlscher Assay grade ti&ea t,he thickness ot th^ 
treatment interval is at least stout 900 , and 4d) thereby 
contains cortponents capable of interacting in a Tnauner 
enhancing the uniformity of a front of conductively 
trsnsnittsd heat^ with said wells being arrai^ged so that^ 
at least substantially throughout said treatment interval^ 
the veil boreholes are subatantially parallel and are 
separated by aubstantlally equal distances o£ at least 
about 6 m/ and 

within the interior of each hdat-injecting well inalntaiiiing 
an average temperature which, selectively along said 
treatment interval, is at least about 800^C, but la not 
high enough to thernally damage equipment vfithln the well, 
vrhile heat la being transmitted, away tron the veil at a 
rate not significantly faster than thai pemltted by the 
theriDal conductivities of the earth formations adjacent to 
the heated iotervai within the well. 

In a location in which a subterranean oil shale may 
contain portions vhlch are generally suitable for use as a 
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treatment interval [as tSleecrlbad abo)f«) but ace ape to bA 
P^rmoated by aubst&nticiX ly dlsconneccc^ aatuxal fractures Aiitiyor 
X>lane9 of weakness as v^ll as being losAt^d ii«ar boandarlee of tha 
oil recovary pattern and/or n^ar a potentlaAly active aguiter, tlx6 
operation of ths present pro<!68s can advantageously be combined 
with a us» of "guard uells" located near the periphery of the oil 
recovery pattern and/or betveeu a i>roductioii well and ail aquifer. 
Such guard wells are extended at least suhatantlaXly throughout 
the vettlcaJ extent of the treatment intervale and the adjacent 
forMAtions are initially heated by thenaal conduetloA in a Qoanner 
similar to that enplc^yed in the haat*lnjectina vellSr astoept that 
the guard wells ar^ heated at temperature a iphich are too low to 
gasify significant prot>ortion of the oil ahale organic conponenta 
hut are high enough to causa a glgnifioant thermal expanidon ot 
the rock matrix o2 the oil ahala deposit. 

In some instanceSr it nay be desirable to maintain such 
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re3.ai;ively itya t«rpeu5\toi."e guaani well iiHgcting thTOjgtvmc at: least d 
subgtai^tial gortioj) of tl>a ahalo oil r4500v«eLV prryzean. In other 
■inatancxsfl, aftar caj initial rn^-lativoly low ttsti^rature haating of 
ttiB guaxrt vp^lLS/ it iMiy Ije «dv£mtagea«i to 1t»L guarci (^oila at 
afxjut tha teirperacxire ocloctcd for ttv. hisat-injecting wG>ilfir iiJ 
orcter to ^"pand tho pattcnx of twoJla frrm vhic^ oil is displaced by 
tbeanal oorduution, 

As used herein i^gcirdtjicj the gcade of the portion cxf oil sMle 
to be tr&ated# the '"averiicp& grade in gallais per too lay Fisctjar 
Asea/* re£(±r8 to the followuigr Tiifi dett^ntdnation if? or 13 
©equivalent to u datemitiatira ccoducted sulifetantially an rt-jjcrUsed 
in tha ASW Stanaard Test Mathcad li 3904-80, Crufitacd raw ahaie is 
isart^ilai by rif fle-Bplittliig. Tha det-RJsidmtion of tho mojiit o£ ciil 
plu£$ gas eciviva.lei7t available • frnn csil shale Is rnade by heating tl^ 
rah^ shald imiu ambient Caiineratu3>3 to 50 Q in cast aiuiiYu^i.;in^ 
allp^' retorts. Iho vapouird distilled frcm tJic ^saxpl& are cooled ard 
tha condensed fractioBi i* collactftcU Tha oil and water Iractions 
ard ss^atJBd, ttie vNiter voluita (ooni'tsrtad to vieidgtit ei^ivalent) i& 
tnaa&ured cmd aubtracfcad from tho oil plus wtater weight > 'ifhQ weight 
of. ujioandonsahifi gaeeB evolved (gaa~plus-loss) is then caiculated 
hy difference, ths gr^ddr as used in the "gradb times tJiickness in 
niertree of oU ?ii33.e** product, ijs the gallnne of oil plus 
I^ydrocarbon <3iia equivalent corresponding to tJis total >«iqht taf nil 
plue hydrocarbon gas evol'/ed by the hRatdj'-g* 

■Die w^lla are oocrpleted into tlie treatnEJit interval and are 
aorrajigod to ptwide at least one each of heat-iftjcacAirij and fiuid- 
proving veUe havii^ tojcohcdos which, aohataixtwilly thocaughout 
11)0 troatm^t liitert'iil, are substantially parallol and are 
separated t>y substantially equal distanced of at least about 6 Tiu 
In (»Loh ]x^t"injectin9 well# si^bstodtlally throuvhout the treatinent 
intcxval^ thio woll-sucxoundlng faoa of the oil ehale fo umt ion it; 
3ea.ied vith a solid ratorlal aftd/or cecneTit vihich is relatively haat 
orsndn^tiw and substantially fluid Impetineeblfl* Xn each fluid- 
producing Mwll, substaauially througbDUt t]io treatJiEnt interval, 
fluid OOTttonicatian is «stabl.ishod botwoon thd well borehole and 
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tfio Dil {{bale foarnatla) usrJ yfe^ll, la arrajigcd for piuducintj 
fluid froTi the oil shalo format itsi^ The ii^texiM: of each. 
Sn£?flt-injecrtirQ njt»3i is boated, at least subBtani:iaUY tlircjgiKut 
clie treatiiuTTt intozvAL, at a xsitti or rat<^ ciayafalft of (a) 
Incneaslng tliis tenperirtiare withiii the booxihole int»ranr to at least 
fllaiyjt 600 'C acd (b) maintaining a borehole interior tmperatiare of 
Qt leaBt abcat 600 without cseusing it to becona high encxigb 
thC'Xiitiily danaga equlpm^st within tha horehole whll* tJie rate fct 
wtdch boat i& genetateri In the bcrehale la &ubntanti^32v equcil to 
that permitted by the boat cpcuvluctivity of the oil bhale foaaraf t- ian. 

In a poref erred cntoiiitent of the present process # tha. Aiatttrial 
for doaliiig the f acse of uhe oil shals forncxtioa along Uhe borehole 
of at least cna lieat-in-^ecrtlng vfcll ia a cinsisd bcrttroi ca^rLng 
qi-oiited b^' ocgo^fnt arxarged to f i U siibstaAtiAlly all lof tha spa:x» 
bstNeen eac:b outeriTOiit imtaUic el«!ncxrc present; witJiln ttay intL>rijor 
of tl^ kx^rehols ard the adjacorxt £aott of tha oil shale fominticB^^ 
with said ocxmat haiving a tnerml oocxSDStivity at hs&st 
gttotantially as high aa that of the oil sJuila fomutticxi. 

Deteamnatlons an) mads g£ variatloos with dopth iix tfaa 
cxiTpositicri and F[rop3rtlQ& o£ the oil shale deposit and, in a 
patrticularly preferxed prcccdur^, baaaJ on the variation wibh dcptli 
an the heat oondustivity of the oil shale dapo6it< tha heat- 
injecting irells axe liofited so that relati^y bighsx Ces^raturos 
art!^ applied at dspthe adjacent to portlone o£ tha oil shale dsposit 
in viliicJi tha haat oonductivity is relatively loif. In addition^ or 
altematively* in varims aituaticoa, tha effective radius of at 
least one hcurt-in jesting well is increaded by oraatimj Bxpi!n;S9d 
portion of the veil boralioije and extending heat-coQd»oti3\g metal 
e^jesienta fron vdthij) the heated well intcxiat to near the wall of 
tlia expanded ]portio& of th<^ botehdle* 

The poneaeDt prooesa Is valtxeible for use Mithia a txaatment 
intjer\ral of oil shale which contains other valisabla icdrtaraLi such as 
dawsonit:e and/or nahJolite» In such a situation the pe^&eat (3£Ooefi8 
croatee a pentcablQ taam which ia selectively located, withii^ t})& 
tr^itment Intsirval and subetantially witirin the Jxwidarics of tho 
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v«!ll pautonj u£«ii .tar the oil proiuoticn* ThB resultant pennoabla 
7xms^ in a 2QQQi& frCCT whicb sadh ot.l*»er minerals can ba <nln*.ion- 
mined* 

In general f tJie presiacrt invention Is appli<»blC5 tc^ 
% sub&tautiaaiy any subtntrunaan nil f^eposit ocotsiininig im 

interval of ntibatanHally ii]q;^j:toriiablft ail sbaJn which is 
subataiM-ially £rco of mohil.e vai«r, Is irurc tJian .ibrait 30 to thi.cX, 
uTjd has ai) aclcquatG tivera^a grade in gallons per tuo (FiRczher 
Assay) to cfive a grado-thijdu'&fm produnt oi^ about 900 or gj^eater. 
10 ths avoroge grnde of the heated liittirval should be greater tJian 

about 10 gallotttt pttr tnri (Pisdier f^say) . vrithln th^ea limUiatlcnCt 
a hic^iar giradc- thickness pocoduct i.s inorcasijigly detsiriibla if other 
conditions suc:ti a? 6sinh mwiln tkia ssanie. 

Tlu invention will iicw be ^xplalisad in cfreater detail wltK 
(5 i^eferRTJce to the aoocxipanying drawings * in whiciij 

Fi^iixe 1 shows a plot of rel^vv rate of return (RR] for 1982 
US dollard irwested in infttalUng acsd operating the proooss of thi 
prosont Inventicn/ as a fuiiotlcia of oil ehale grade-thiokncsG 
CG>rni) ponyiuct^ tn produce shalo oil arb its 1982 value « 
20 Flguxe 2 illustrated a plot of thsznal praflles at an 

dbs&rvaticn well regarding teit^eraturea measure at different 
deptha (D) and tlineR >?ithin that woll. 

Pigure i is a plot erf the radial thsarnal profiles at the 
ndjddle of a heated ?.an& aftor dif&renrt tinea of heating, 
25 Figure 4 is a plot of themal OGoaductivitiea parallel and 

p£»:pendiourar to ths bi^dding plarjea of an oil ahale as a funcbion 
of tcnperatura. 

Pigwne 5 is a qrapih of Pificbar Aaaay yield with <3spth (D) in 
and aboiid a nsirted port rem of subtierronsao) oil shald. 
30 Plgurcs & and 7 are plcsts of horir^onial and vartioal 

ten(:«!rature profiles within a heated portion ot 9iibterxan(=ian oil 
sJ^ala focnation. 

Figure 8 ie a sdieenatic illustratica u£ a pu r ti oo of a I 
cooplEstion arranqennpnt saitahlo to practising the preaEnt 
35 iiwentioffu 



- a - 

yfell paLtona U6«&J .for the oil proJaoticn* Tb» result anu pcrwoahl* 
Tjnnt^ IS. a zcm^ frccn whicb aadi oV-l'tcr tnlncxals can ha aal-iinlon^ 

In geosralf tJie prefiiM inventijon la applloablAi to 
sub&t*uitia.lly any gubtcrjunaan oil .qhale deposit o ocit ain in g an. 
j.ntcrvid of mjbetanhiany in^partntoablA oil sha]« which is 
auhanaiM-lally frco oi mobile wai«r* is stutti than nbniit 30 ra thlc^i 
uTjd has ai) adequate eiveca^ grade in gallons par too (PiBc^n^ 
Assay) to give a grado-thicknaBs ponc^duct about 900 or ejxedter^ 
ths ^wroige grade of the heated ItitEirval should be greater tX\an 
abcut 10 rjaUotib piar ton [Tijscher i\fi&ay>. vrithln thaaa I£m:r;ationS4 
a hi^i^r grade- thickne&s prcaducfc i.3> increasingly dasiii-abla if ofchar 
conditions such a? depth rccnaln ttsa san«i. 

tl^ invtsntion vill ikw be oxplalnad in greater di^tail with 
irefererxe to the aocxo^Kuiying drawiugs, in wliiciis 

Flgiu-e 1 shows a plot of raX^tive rate of rctuzn (RR) for 19B2 
US dollars invested in InfttalUng and operating the prooo&fi of tha 
pro9Qnt invention f as a functloa of oil shale gradeH;hlcka&32 
CG>ST1I] product, to pzodaoe ^hala oil at its L982 valoe« 

Flguxe 2 illustrataft $ plot ot thSG:nal prolUos at an 
db&^rvation well regarding teiti^aturea neasured at dif fcxient 
depths (0) and tinee within that wnll. 

Figure :^ is a plot at the radial thsamal profllAfi at the 
rtdiddle of a heated f.one aftor diiferent tinea of heating, 

rlgur^ 4 ie a plot of themel oanducti\fltiee p?y;il1ft1 and 
perpendicular to the boddtng plarjea of an oU shale as a function 
of tenpcratura- 

Fiqure 5 is a graph of Pifichar Aaaay yield with dspth (D) In 
and aboi'ia a nea±)ed portlcn of sut^rronsan all £dialtt. 

Figures 6 and 7 are plots of horlssontal and viarti^ 
t»if3ierature profiles vithln a heated portion oft ^tbteizanaan oil 
sJ'^ale fbrmatlon. 

Fignra 8 ie a sdiecnatio lllOGtratica o£ a puLti oo of a 
catplestion arrang-irfa'^t suitable for practising tha preaent 
iiwention- 
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tar sarin, loiingstiofisa taeicJw,"? that tha in flitu heating an^ 
pyroly-^ing shoal.d ]» dona in a porticn of tliw ijnpium«cd>lc fortn&itieci 
which io vertically (TOflatigwoua to a ^ll-iuturcunrectioq fr3Ctiu>t 
or a layer vAiid^ >ub different gGoL^jical character 2iad ia 
5 permealjle to flow of the fluid proAutt-K of the hcatiiig car 
pyrolyaifl, 

Ccntrar^' to Oie ijcplicstiona of SMCh pcior tRachin^s arA 
beliefs/ applicaata diaocweriiil tlsat- tho presently deKcribgd 
ccxiductive hooting process is GConoraicalJly feasible J?or u&e in a 

ifl aiibstantiall-y litpetmeable sutoterrawaetti ail shala. Tt>ig is net 

obvioufi, particularly in vieaw of th© fact that tha presjwiL prcccsfl 
uses a muc3i larger well s^SiOciiiq than tb&t usod in the Swedtoh 
pi*oae99 and the presBiiit pcocc&s i^ ccndncted by heating t)w 
infection wsUs to tenparatxires ci ^t leaert about (>00 '^C laltboagh 

15 600 *C tuos bosn ^id to by conducive to ai\ ecociuRd.c!U]7 untensdslfir 
hi^t-«astiii9/ encbthemlc rcoctionr^ sae tte Oil Shatltf SyitpoBni-im 
Pitjcaedlngs caentlcmed above) . 

By means of laboratory and field taftt xneaaoremDiita and 
/nathanetical ncclels of the presenb procx^, applicants have forond 

20 tJiat whoa tha s ara spooed, ocxcpleted, and cpexatJBA as 
prseently <tesci:ibed, the coaly rac^i in which heat energy i» 
utilized in an endoUiarinic r^ictacn acnouotfi to lea? than about 
ot tba art^ to h^ heatod« jxnd tha enat^ lost in that faehiGri ia 
inaigtuf ioa^xt^ Ais^icants l^vo iit^&ur^ tha rate at vAiich 

23 substantially linpoxttKaable oil sl^lja fonnationa ara heated Jr/ 

oandustivity, and have ddtcaintdrjed tha aiECunt of hoat required for 
pyxol^'^lng Icerogea and thannally ixoasscrissing tha pyrolysia 
products to pree^ures oapable of fracturing a rolatively deap oil 
shaJja fcomtioci acid thamally displacing pyxolyaia peodiicta through 

30 tha £iO-created penteabilit^s 

Tba cbta bbtalrvod b^» such n«£id6aren»ta in the field ar^ in the 
laboratory bean «i^1o^"ed lis oaloulatinns nf power requiro- 
manta^ oocnvxnlcSp tistt to atart productioa, pt^jfsct auraticD# 
acnount of i^roductiod, etc* , in {nathenaticai siitulations that 

35 ooL-xelate wit'h the flaid and lahoratojy data ana iiidixste the 
cna^it)^^ of suf^ factors id oreape:^ to a full soala gtfncR!i<i. 
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tha oniy tihala oil i^rtxtuction pxwrs* of whf.cb ciy^ilLcannB aco cawtira 
w)iich 13 capable of ccaiandcally oijitaining oil frcm a i-Telativcly 
grads oil tiha^e tomiatlfm, soch as otw in which tha Fischer 
Assay is only 15 galia^j? or lese per ton. ITiio capability ciaii 
■incrcasifij tha petroleun i^e?*f!rwa u±* a aigiviaonnt proportictJ ot tha 
oil slMiic Liindfl by a Idctijur of slx. In a<Wicicn, with respect to 
ljroaa55«s ioc vodsirqrouiui mi-ning and atxiafied in tiitii ret«):tiji<j al 
all -HhaJe, tho pneasnt pixx^esa Bigi>il:icaoatly ijv:rcaffcs the ancunt 
of acvaUahla xesaafCHa liy elimiimting ttte naoc? for suppooct pUiara 
and intorburdan betwacn ndj\ing zcavaB anrt by pcoviding a TiC&n& £t)r 
treating 5iibst«inti.aUy all of a very ttiick ajn*<^r;al of oil shale - 

lha present prnoes? can odwarti^goouHly be flfplied to ao oil 
E3h3lx5 fornation in whicd^ tJiere i& sjignif leant coni^ent-ration c£ a 
TniTvsral sjch as aawoonita car nal^oolita. In sjudi a faii«ttion tbet 
pioottflfl prcwidSB a pemeablH zcxis f jkwi which such a iniiraral caa^ be 
rooovered. in addition p the preHsnt pofocass is particularly 
adrantagacwfj jji ccsnvertii^g dawsanite to watcsr-aolvble csoenpoamcla ot 
aluminiucii (pocbably rho-alvcnina) whidi have been (both disftdcftLly 
and physically) irade av2J.lable for solution-mining to produce the 
aluitiniiim — an eaasntlal notarial vihlch is in short fwpply witliin 
the United !?taies. In contrast to many previouidy proposed 
poncxBsaofi, tha pxc&ss of the present Imiention roquirefi lajb- 
stantiaUy tio water, ijtvolvea irtLnijral lard diaryptian, and can ba 
condiicttsd with ndnimaL atncspharic pollutlcon. 

Figure L shcwa the relarti\« rata of return for 1982 US dollars 
invosted in installing siaA Qperatinsj the present proeeaa in field 
oj;pl3 oa.tions t>iat have boon inath3inatix?&Ily n<xlel.ijed f ran <^ita 
c]3taire»5 b^' field and laboratory maaAuixnents. 
Ky/iMPLE 1 

A ODxiea of injection and juroductioa walla is drills^d into an 
oil «9hale fomution 4B ni in thicknesa with 12D a of overi^urcten- Iho 
avtMoge oi.l gratia of the intfir^>^ .13 20 gallorsfi per ton aa cletcr- 
valsind by 7i gchcr Asswy* 

'fitH v/e].l pattern i% a. soven-apot with each heat injector at 
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tha comer of a regular hoxsqpn gurrounfling a oontral prtt3ix:incr 
vxiU* T!h(t spacing is 22.5 ia >jetttean prociwcers audi .■ij>}GCtora- The 
pattfeCA rapearta vr.ith producers aharing tha ini-fictnrs In cacto 
airocticm and oontiTuiw to foriD a Cieljdhwida pcrttesirn ciipable of 
5 pioAiclng a largv quantity of oil. I^jC iniector-txv-pmdutsRr ratio 
apprcaches 2 to I ib a larqa jiieJd. Tn Kbcaflpl& 1 the total oil 
productify^ is 25,000 burcela par (3ay thccojgtoJt the Itiu o£ tliu 
jitoject. 

■Cne injection we^Js eLecbrical haateca arn tsRnv^mted into cte 
JO foQcnation axid exsnBstad to a pcwer soaico on tbo aorfaca. QTib 
production veils axe oqvip^xxt.vitfa Eitandar^ oil field igcacpa for 
lifting tha produced oil to tha isurfaea* Tingk e'lectrioal injection 
rato in 3.23 X mj/ynelX per day. Ths tartcaratiare nf the 
injcctora attaiiw 7i50 '^C* 'X*w prodoction wells raiich a terminal 
15 tenparatur© of 300 ♦C after 33-34 yearn of cperatico. Producstioft 
over thlA period averages 5-6 barralu/cky par waU, with the 
avQcaigc Amfcar of jsctivs prcdociti? wells \>iiag frotfi abmt 40CIQ to 
5000. float CQOiSuitption is 1*1 ac 10^ UJU/barrel of liq^iid oil 
production* 

20 Gaseojfl proddcts oollected ftOA the producticn veils iray be 

utjfexi for nn-^ite geroDcation of cloctricity or ottair puzpoaaa. Ilia 
oil-phaso petrol£m which id m> prodooed is superior to ocoi- 
ventijonally retorted aJiaLs oil. "Ecm talatiim rate a£ letum which 
oan bo B3q»ctad f j,-cxn tha l^anple 1 situation iz illustratad by tha 

2.5 "Ex. 1" sitiiation daaignatAOT an. Pignre I. 
>tXrtHPLE 2 

A sariaa ot injection aind production wells are drilled into an 
oil sliaio f ontatioo 225 m in thicteeaa with 300 m of owctwjcden* 
Tha a^'arage grade o£ tha oil 3hale inberval is 26 9aUc&& per too 

:iO as dftterrtir-necl by Fischer assay, 

Thr) xKeU patfcexn is tlw saoe sovon-spot ddscrib^ io a(an7)la 1 
exctpt t>!a 6?»cioy is 13.5 m hetwaen wallii instead of 22.5 roL Total 
prodQCTtion is 2iS,000 borrals/doy tuoatihout ths life of the project. 
The injector to producor ratio still approachaa 2 to 1 ♦ In the 

•J5 wells I ths heators and production aguipmant are. ninuJar to thooa 
deacrihad in yyjdicip^A L« 
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a*hfl ftJctctriottl xjocction raU is iO.S3 % 10^ BTO/well par 
Ton in-jet'tioffi well toiporatuiiiK r«iv:^l 750 'C and the pittduntirm 
wells rsach a filial tcnccratLire o£ HJtt '*C after a pucoclLiction life 
of 9-K> yojtt-*. Production cw«r this poriod averagas 42-43 
f> barrel e!/<^y per wull, with the average n\JLtiXit of active pnVinnang 
wfill5 being ahcut 'J^h« heat ccnsiwqptioii^ 5,6 y 10 TFWbarxel 
of ilciuda oil procixxxL 

As in fitanplfi I, gaseow pruducts can ba used for cd^^iltrj 
poKffer qotorAtiOQ or other purposes and tha liquid proiSucc v-iJJ )>o 
10 iji<5her in quality than cocn/ertiooally retortQcl shala oil. The 

i-eXative rata of return v/iiidi uan be esrpecceid i^ illuutrutGd by tha 
"1!^. 2'^ situation (SenlgTiabicn an Figure 1« 

Table 1 lifitft c\:nbination3 of oil, shale graian, t^icJcne^s^s 
and (jrade-'Chicknccfif j«duct» which are gcncrcilly auitable f^a: una 
' S in the pTEaenh prooess, ttitt relati^-e p-DBzttoas of sucii graid*? 

thicJaru^fiA ;a.-ot3ucta vith respect to the relative rate» of f inzaiclal 
xetuxn ara illustisat^ by the €lesigL»ticm& "Pt^fernaJ Range" (P. R J 
dnd "EapariaUy fxeforred Range" fB,P.{),} on Tiguro 



Tgffllg 1 

c;!rarie {gallonfi/tao) ly iicjcnegc Im) QtaiiB x Thicjcnesg 

30 30 ao<j 

20 45 900 

10 90 f>0O 

More desirable gra^ t'hickncss extucpliaa axe ?ihoffx as follcr.^fa: 



Grade {cTailonH/bnn> 'j1iic3qu>sg |m) GraiJe x Thictaie^a 
30 15iO 4500 
25 60 1500 
20 300 600D 
15 fiOO 9000 
Xt\ 225 2 250 



1(1 <3E2nera1., the htgtier Che grade thicknefift i^oduct tVre itore 
Josiru}^l£s. The gi^ractacal aE^licaticn is LliTilted only by the ability 
to hsiX± tha dseirad intan'al. 
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Field Vest Hcasumifinta 

Test© wane oocaductacl in aa cuccropping oi an oil shale 
foxnatlou whijch is typloal oi iiuhKta]>CiaIIy iprpmnnahiB aiv) 
rf?lativoiy thick oi]. slxaLD d&poeita. Thirteen borobolea were 
3 drilled to c3*£ptha betMeen 6 and 12 m arid wnrR arraotged to prcA^ixle 9 
pattern of beat,-ln;iectinn, eibservatlx^n and iJjo.id'-paxxtuction 'a^IIa, 
widi ttm borcholob being spaoecl About O.G a apart in order to 
prcwida a relatively rapid aoqui-sition of clata. Haat was nnjectocl 
at a i^attt of about 1 000 watts i>sr netre for five days- After tbe 

]0 heat-iojcction wall temperature 1^ reached 450 'C, a tcnip&xatara 
faJ.3.-«f;f test wias run £nr cone day. 

Fi^re 2 shows the viartical t^jexsal profiler in an c:£)59x:vatiLon 
well, As a functd^^ of tl/no^ Ths data weut fit bod to a loathsEiBticaX 
soJ.ution di&eir:ribin9 the tcnpo^ature difltj-ibatlcai around ^ 

]5 i:inite*-leingth IIjmi natu-ca liislde* a Jtediiin of thsxnal OGdadactivit^ 
(parallel to bodditiy) 3-25 incal/cn^aec-'C iux3 thainial ocsnductivlty 
(pctrpandLoular) 3,25 n«3!a/a»-ai<5-*C* specific licat oajjocity 
utilized in the csilcolaticne cotrprjted f rcci the tlienoal 
conductivity/ thartnal diffUsivityf and av«racja bulk density of 

20 oorgB xe;!overM during drilling of tJie t«ila. The tiisxinqpli^'eical 

ptopofftieB for the tlia oil (iliala in which thQ tdflttf viere conducts 
are sTjmmtizad iix Oi^la 2 . 



I'nitial Kes*2r\'oir Tecujsoratwre 

J3ulk Density I 
Thacmal Diffueivliy: 
Specific ticat edacity; 

Figur» 3 ahnw? radlftl pxo^ilom oon^ted far the iniddlfi of the 
l^oatcd zoaio for various heating tlrnstf (t) . At the end of a 
2.5 tenpcfaturc tuildrup of 140.5 liourSr tha average Tonration 
tecrperaurro butween the haatas: and cbservatica well Moa 12fl ^Cn 



9.8 

20 gallon/ton 
2^20 got/cm^ 

0.224 cal/gni 
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FiguLT? 4 shcvra a oonparison of iahi^ratcjr^' vaAuBS field 
data iMlii±bm to t>w thamai o^JKiUGtivity pumllea tn awJ 
pcorpondiculor to the beddiiiq p^anca of the oil ahiilci farmatifln, aa 
a function of tHK^perature. The labcaratOKi* oonauctivity itoofiUttatifirAta 
3 were nBdc ca^ Ad:[2icedt Sfin^lt^B cores fron tJ^ dbzeryatioD vx>Il , 
using ^anv cotos- cut pfla*allel to and nam cut psxpandlculcir to t]U3 
bedding pianen. A rt-i tro9C9Wtn)0£p)i&i:d woa used to eliadnal-a 
o«liTatictn reaction* ThB ganples vfeace conctrairrd in tho vertical 
direction but ware free ta expar^J radially. Aftex the sanploc wetie 

10 heated to BOO "C, tli» radial eocpanelGn averagad \,4rj%. As chcwn in 
the figairePr the labors trory valuoci £i£^ in exottllent agreecoent wil:h 
tZio valUE^a ocxipated frm tbs field deiuu lha tebttt indicate 
the tfaemal oofuductivity ia lo(«er Id tJna direction pcrpft f i dic ular to 
t^ bedding plcmo, becau&e kexoi^en layerjj have a Icwr ooDdDCtivitv 

i<i than tha ctolondte ratrix* At tettperatures helcw iQQ *'C, the thamsaS 
ccnductivity i.» esy«intially iaotmplCr as dsservod ta tha flold 
tests. 8ut^ that conductivity bscxinee Incceasingly anisotropiCp at 
t}ie kec^n is recnoved (at terrpdratozeg between 300 and 400 ^) and 
gafl begins to cccuiY the dpaoos betMoan tha layer b» Abcwe 700 

20 both tha parallel and pezpendicular cooE^anctlvity Sssscesjm abaxply 
due to the d^dOsifOBitinn of the dolcndte a3i6 cnoluticm of CO^. 

V^hen a GaibtcfrajuMia oil ahals fiornntzGn ia bsa±ed Uie oil 
ahalR expsands as the tcdiperature inaroa&dd^ Jtfhjsn tha oil ahale 
tiE2Lf^ratuze reaches a kemgen pyrolysiiig tcnpsrature <far oocaitplot 

25 fran aJx>ut 275-325 *C) additionaL expaneicn fcocces are qejierated* 
The kercgen is convarted to fliilds cnpafolo of ocexpyixi^ a largs- 
volumd than the kero^an, and such fluids berxcne IncreasltYgly 
poceasuxrized Mhen the tenpexatuxc is IncrcfaoKa. As more fluid i& 
£-arcDii<i mid more fluid is heated, hydraulically ii^jdoced fractar&s 

30 form ^vCitJ^iu tho oil ^bala £onrflrticn. 

Fractures Khlch are liydrsulioally induced within subterraiiaaA 
QOL-tb fornetione forn along planes pexpa^dj.oilar to tivo least of 
tha thrto fxincipal mnpnswiive stresses (i-e*^ me vertixsal and 
tt»ro itutuiilly patpendicjular horizontal cscsspreseive stresses) vjtiich 

^r, anint vithlo any subterranean earth fonrarticn. Kmever/ whare the 
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HydrauMc fracturen tend to bo vortiLttl, hcariTontal fraciure« Ofin 
ba foni«<T by irijiajting heated Cluido go timt tha wallJi of 
vertical fracturco are liKuted uiitaJ they SMOll shut. Than, by 
ti^axasirug the fl\uc5 injecticn i^ri^koirB tp greater tinaa i^wiclninten 
5 pregsorop a horixcmtal fracture cai^ £on»d« Ruch prcccssca Tor 
(Jiemally ioducirg tha fonofitian of harizmtal f racturec by 
injeccijng externally heotad anxl pcresGurizcfd fluids ar« clescrlbcd In 
patenta fjucb aa tJie dxr»«-Treotiaro3 US Pat-cnt tto, 2,2B^,nX} y^ 
PAtant No* l,455,.31>l by C.S. J-latthiw*, P« Varmieoro and c.w. v^birfc, 

10 And XJS Pat^ Nb« 3, $1^,785 by P.J. Clottaaan^ 

AH>l^ ca]it3 hAve ciiiit3av'«anail tJiat when substantially 
ijrperTrBaW e 3X)bcerrariCAn oil scales iwing tbc preaaitly spaed find 
caLbin&tiQU oi grada and thicknoefi vwra condjctiyely hc&ti20 a» 
presccrtly Siwcified., a rons of poaanfiflhiiity waa jSewelcped bctseeen 

15 wellfl witliiii the all sbale, Althcfligh tJie profloot invention is not 
pr^ac^ on any particular niBcfaaniai, in b^e cxsurse of fiucfa a 
trcatar^nt tha heated oil sbaloi behavai aa thnogb it wa« sctojecjtfid 
to the dlbCMi-^arxSiaed typ^ of pxoodftft for theisnaUy inctadng Che 
fonnation of horlaontai Imctxaxa. SnA a bebawirmr was wt 

^ predictable, sinoa tha pi'«Hent porooes^ is cporated wltheiut any 

itijection of OTj' fluid- It api>2>ars that when the pocesent pcoocsd is 
cporatod wit}dn an iirpermrable oil fihaLa, thd is situ genaratHm 
^nd dn.^laoemcnt of haated aixi highly pressurized fluids cxscura at 
the timee arid to bhe extenrta r-aoded to successively extend ai^d 

25 horiBcntally fractune tfirough suoo&sdvB portiaoa of f;he oil shale, 
when th099 porticnd hecone oondiKrtxvely hcatod. !Ihft zorm being 
belated appeaxB to undergo a rclativaly unifozn, borazGnCaU radial 
expansion throug3> tho oil stjale, at t^4B rata set by tho thmral 
coftductivity of tha oil shale, m oacfa ^fucceeaiva location in v*iich 

30 a Xerogen pyrolyzLi^ turqpfiiratura la reacted^ fluids appear to be 
fonr^ heat^ aiid pressuri^ so tiittt aidistantiallY aiiy vertical 
f r£ictures vjhirb are formed within tha baatad zona are sid;&oe]:u«mtly 
cctiVerted to laritcwtal fractures. 

i\^lic&ot»' tests indicated that sii^stacntially all of 

X fluid pyrolysis pro:hk;tfi of ths oil shale t/nvVd to x&cadn in at 
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rear die lixiations in which tha^' vm fonited untn..l Uxcy were 
rfigplacod, through siibet-aotLally hoi-i7oncal fr«\uturea, lirto wlls 
fldjodLiiing trho iiaat-iniiscfitig wells- In ntWitiori, the fractim^- 
i/i(Aj)cijig pressaiD oi fluids .in tbs JioriactTtal fractures appttdra to 
5 liaws buen jrwStaoed as Ujoaa fluids cxpdindad gn;! wsre ooolad iLS tVisy 
moved away fxcni tba hottWft pcrtlaaifl of the liaated zone. 

thft pcvoRDt pxooci^ cicianB to Indnoc the moving off a zone 
of kero9ecr^iyroly2lD9 tenj^seratures thrcii^h tba oil shal&t 
ijmedUtjely betiLnd a zcra of J.jocall2ed £incturing Id v'hich tha 

10 £rM3tur«id axys, or soon becont, horizontal fracturea, heating 
ana fxacturlisg enneB seen to undargn a substantially wvifoon^ 
horisontali radl&l ^jKpkLmaicn bhroix^ ths oil shale^ uiitll the r^cvie 
of rracturiog reaches a location (siMi^ as tha bor^l-oiB of a 
produutitn well) fnxn wiiich the oil al^lt Ejyrxalyaia products att? 

(5 ^itluclrauii. 

In addition^ irrm ts l^vc diiicuverea that^ at least wham 
thi^ ovexlxirda^ pcGssire ia ^nallr thd 2Cna of permeabill^ that la 
created betn^sn adjacexit walla retaijis a significantly high aej^ree 
of pcrxcfiitbility after tJie l^artdatlon^ have oool^, 'Diua it Appem 

20 that, ovfln if the owerburdsri preficsuxe ia hi^# an afplicartdm of 
t!sa preeent pixcesa ia capable ot fonniiig a welX-interooamacting 
zcno tn which the penn»&illty remioB high or can be xeadily 
reotoanoa by etn anjectto of fluid after sane or all of the heat hea 
dissipated* And, the ^£!qte& and location ot that petireability can 

25 be cjTxtrcalled hi' ooailxolliog the rate of rawwing ^i»nH fxm the 
pror^ucijng VMlla. 

thC! data obtalrjed by xneaiurenenta in field teata of the type 
dencr^bed above were incluaive of s th£ thcrnal cooductivity of the 
oil H^mle f oancatiorv^ th9 amount of aiX reoovcxable by Fiach^ 

3U a]ialyr>lA at variooe de^Ttha wltiain heated irteivaia o£ tha oil ^hale 
before and aftor huutingi tha jnaasurcaceat of tha amoont of 
pyrnlysis prodpsto roooMaredr and the lika. While no connBinicaticti 
Qxl&ted bvrtMean baat lii'Joctora and prodooexD at tejt start'-up, 
injcoticaa u± the ^ of the teat dencnstxated tiiat pexroabia 

25 channcLs had fonmd, Ttm results o£ atandar<3 englitDexing 
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aalcu3ationa \vcrc ii^icatlvw of the api>lloaLliity of a c<xv:ept of 
the typa cj(5.5crUx'd Q3acf^ to tha r^JwUfl obfciinad by thft teats, 

Pigorrs 5 ifi a ^TAph of Piflctwvr A<:<jAy yicldB, titxii tha tarqvff. 
zono in th» field te9t# ac a functicM of dftpth o, 'ite heated 
3 j.nt«rvAl ojctoxided fixn 4.2 to 6 liit* HDlid curve 3hcm the yicXds 
h«fore the hcatiog ti^tnwnt atuI the. ciashai carve ?±<7»n tJw yieldo 
at'tjRir Tetorting was oonpiatRd. ^Hte yiol<Jfi bssfoara and afhar were 
oasssntially rJjB catfiidc tilo heatejel iTitervol. Utt Trcasuroaiiants 
were ciaude oa uoireB frccn the centre of tha patJaem beforB heating 
ID anii on oorGS about IS cm away atter hoa-tln?* IVia variations vAiich 
ara ap^rei^t in thosd yi^da are vithin the non&ixl lijnitii at 
acaorta^ for the iTRAJiuring of i^ucfa vaiuBv* 

Within tha haatad interval tho Fisehtsr Aasay yieid rlrqps from 
an average of 20 g&liocia/tnn- before the tufit to less than 2 
Jfi gallona/ton after licatiBy. li» i-etarting efficiency within tha 
parcdfffi acns win thu9 better than f^Oi of Poacher Assay. 

Tlic pattdni and extent of tho recovery Gcn£iiin» the fiict that 
littLe oil lo&t OMir the produclJig liorlzua tiiiough vevtical 
fractwrea. In additicn, the unifbjioiti' in rotorting eificienci' 
20 through tha haated zcne, IndlcarteB that thannal fronts wero 
appraxiOTctdy unifcjna ewer irost of tha heated inteival^ 

The unLfoanity of tha tharmal fronts is even mare apparent, in 
Figoren 6 and 7. Itisy show haxixontal and vertical tenpcraturc 
profiles oalcsulatHd for a ret of verticaL liaaterB in d five-spot 
2.*^ square pattern, lha Hat uaed in tJ)e oalcuIati<:<38 incIudEKl fcmr haat 
iniientora and one oontra prodi^oar (not .slicMX/ but centered boftwaaa 
the heaters ^shOMi on tl» f ignree) . Sad) lieater u&s asaurnsd to ba 
7A m long and heated ab the rati> o£ yi4 W/nu 

'itie profiles ill Jltjur« f> (^raiihs of tcc^ratur© variatieoaa 
30 with diataiicas frcn the hcat^ra) w»re calculated along a horizontal 
soi^ciot I^I^ ^chijch AX tends through -th£? ttdd-EToixits of haatara at 
opposite cormra of tna square* Figure 7 is a aijtil lAr <praph of 
profiles alcd^ a vdcticai augment Ic^l^ en the axis o£ eyotietry of 
ihs pattavn. 

'S5 Such calculate ond indlcata that by tha tixm retortii>g 
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totii^ratiuTBfl (275-32.5 *C) art; rtsachad at tha cenLre of the ixkttsim, 
iiorc t>i3n 87% of ±ta vn.liime' laas btxn uuriwrtud vAiila cnly ailxiut L4t 
of the CQBWortfid voluita wat> heated to ncrc than 325 *C, FVirthenflare^ 
the calculations irdieeitc thot if tbe po»cx is turaed iy£± or 

.S reeSunneS before the oc2nt£V i:«ach&a a tancpAt tePt>crAtiu.« aiich as 

3^5 "Cf the 3«voLHn9 off of tba tbairal -fnonU! will still haiit tl» 
oaitre o£ tha pattern to retorting lacnporaitiirgw «tv3 will also 
rec^uo*^ th& tGCi^'ature rine at the hcatdrd. Ibia cnoda nt opcTatiaa 
can ensure that losa thtm 10% of ths hearted voluonD i^ Iioota^S to 

IQ TTOtA than and Uius cad lixu^aBu the thsnmnal efficio'jcy of 

die pcQcefid. 

ta viGW of tho £ibova taat ]:«RQl.ts and the oalgalnHow bailed 
est thnae results^ it a^^ira thart^ nontxa to the pocljor tiaocbings 
^ isuliefa, ths initial Ijr^trtieability of an oil ahale <3cpo&it cvm 

13 b3 utilised aa an advantage » tho initial ispemBability ocnfin&s 
tbe fluids and £tm;tuze» Tuithir the wsll pAttatn, sii^a cx> 
E^scneabUity e>ciftt8 until thtt eoqs be^ieen tte heat-ijaj«c±ia^ and 
f luid-^^oAzlucin^ vkIXs beconc pemnaated by a pattezxs of heat-lx)duoodt 
horizcntal fx'actiive?* 

20 In tha presant pcocajtsj, the rate a*; ^liicki b*sart is trHn3irritt«i3 

into the Oil shale de^x>Git is atrro^ly affected J3y tJio tC3tpora±uio 
gradij^t l^etween a h^t-injecting w&ll and tiie surrounding earth 
for^tutioo. In a p:iefer£Bd procedura, thd detfimLnatiGnB oi 
variat;lons f^ith dbi>th in ttm ccnpoaitioix and propertfx^s of tl'ie oil 

25 flhalB deposit iinclvde a dototmination of the pattern ot. heat 

coortduotivity with de^ith within the earth fcocRaticns ad^aL^nt to the 
heat-injecbing wH. leased on such detettninatiaas the tenperatures 
to ^^lilch At laaat cna haat-^injecting well is Iteated a»t axranged to 
ba relatively hi^ ax tl^ dopths at which tha heat ocDdoctivl&ies 

:^f> of tha adifycent earth formations arc rolartivQly lov« Ihia tends to 
cause tht» rata at which heat i« transaalttcd throui^ tha earth 
fxmnatiooas to be substantially tmifoocm aloog the axis o£ tha 
heat-infecting well, nsoun prooai&iz^ can be ntUized in ordsx to 
pw3\'if3a highaa: tenperatures in i>jjrtic:flxa of heat in je.Tting wells 

■jS acJj/itsant to aarth forwatione of rolatiwaly low heat ctnAjctivity* 
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For &xainpL«, in weils vhich are b^ixig haated by elactxical 
rdfeisiances, ftddltiOAal resistant elen^Atfl can l)e poBltlon«d at 
the locat^lon at ^hich extra haacin? Is r«quired> preferably with 
precautions being takdn td avoid the creation of *'run-Avay hct- 
spots'' 4utt to iiicr9a»lng taicparatu^a further increaalag tha 
reslstanca and thus further liicreasing the heatia^r tor example > 
aa deacxlbed in tha coididoqIv ai;8ign«4 Canadian patent api^licat^on 
serial »o. 495^854 filed November 21, L985, by P. VanMeura and 

10 C.F. Van Rgmond, Ilk wells being heated by cembustlon, Tqorer or 
lac^frr^ er more heavily fired, burner elesMnts can be paeitloned 
In aucb lacatloiifi. 

Suitable daterAlnatiens of compoaltlona and propertlei 
of the minerals and/or ^r^anlc coipponents of an oil ahala deposit 
and the variations with dapth in s\ich propertlas can be nade by 
meane oC knovn well logglnsr, cea«nrolr sampling, a^d tha like 
analytical procedures* The detexnlnationa can utilize previously 
measured geophysical or geochemlcal data or laboxatory or core 
analyaes^ etc* for exaaple, the variations with depth In the beat 

70 conductivity of tbe adjacent fornatione can be detarooan^d by 

calculations based on the kinds and anounts of aaterlals present^ 

and; or by thermal couducttvity lo^^lng naaaurenentSr eto. ua 

> 

Patent So, 3,507^227 describes a logging tool containing a 
constant output beat source and three temperature sensor a tox 
obtaining a log of relative themal conductivity vlth depth, US 
Patent irc. 3,8S2,l2e describes logging cased or open borabolea for 
f^tnpe rat lira, apacitlc heat and theraal conductivity, employing a 
constant output heat source and three temperature senaors. U3 
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P3t.ent NO. 3,d64;g6S» aeccrihea a logger tot makln? station 
Rieaaoremonts otf thermal conductlvit/ by beatlntr a farmatlon £or <i 
timtt then (u«&3uring the rate 6t Khlch th« tem^ratur« decays bacK 
to tha ambient t«a^«taturtt. P&tont Uo. 3/^dl,ld7 da&Cfibes 
l099iD9 tbcrwal condactivity o£ a cased »all by iu«asurin9 the 
temparatura of tha casing wall before and aCtar passing a haatad 
probe along the vail. 

Aa indicated abova, even vitb respect to a fiv»-Bpot 
pattern in vbich a aingJa filuld-ptoducing wall lo surrojndad by 
four beat^lnjectlng valla, aaJ^stantlally all o€ tbe Intervenibg 
oil 



shale c^i^ both rotortcO civX iiocIb fjenrBable. Howswer* the pre*3ent 
liwenlion i& preferably coploycd iix bkiii«S( ot cintigi^nas scven- 
OT thlrbecn-spot patterns — in GXth&i* oX s^ich patfcenvi 
(p3rticulai-ly jln the t^iitjeeivsTot pabtcm) tte xotortiiag rata la 
5 fiignificajitly inaneafied by havitig eacU f luid-puxfcjwixig wll 
Gurrouncted by six or tv*fil\'e heat-injecrting vre^lXa. 

'ills wells yscd in tl^o pococfiJA i^to^euti otin >>a c^wplaftaLl by 
Bubfltantially any mathnd for «Jri 3 1 irjgr a borebolc into &fttVor 
qpeniog d lii-a-taciating borehr?-!© into fluid ooranimicatiOD with the 

10 stvibterranean oil shAl(2 lonufltion to be lU-ed aa art oU fiihgXe 

toaatttent interval, Irt c^dditica^ ixs liaviisg tbc speciJiad iibsarcw of 
uignifjcont auLJu i it s of imbile wabQr^ (^bjclmesS/ eixA grade> of oil 
td^alftr the irrtfirval to which the pt-enent prrxTisjn if? applied should 
be oxpabio ol oaDfinlug fluid art hs&st RubBtaotially wltJhin the 

15 tj»atnent. intervals at ledct in respect to allwing no aignificant 
ifiakage into cwerlying \Dcatlons when th3 prosfiura of tho fluid 
r^iachsJB poxccTO preswre, and fractures the fontatioa within tho 
treatment Intfin'ai. The boneholEs a£ walls cnnpleti©d to: usw in On» 
prcsoiit pcoooes should be substatitially paraUel and BSparated by 

20 subBt3ntia.Uy equal aistancea of at least about 6 m. DcoeJioLe 

Bssparatiun tUatanoas b»bfc<i£3«n injectors and prgducers of frm aibciut 
9 to 30 m arc partloularly suitable, Bori>bol68 fress of dejviatiuna 
fi-om parallel, which cause vartaticans of irore thaji about 20 per ceiit: 
of tho Will difitanoGO aini particularly suitable. 

25 xn the heat-fjnjecfcjng wllg UJjed in the preea^fc process, v.he 

ctanesnt or mnant-llto neitorial which Is oued to saal alexsg tins faoa 
of the oil 5)«.lja fonraticn ie prefera)>ly relacively heat-coiaiictive 
ar\d substantially fluid-inperroeable. Partl(;;\larly preferred ceffents 
Tica Bt^iXu at ttspocatures of at l^aat about 300 "C^ >wa a 

■5''^ relatl'iTcly high thsiiMa oonductivitica* relatively low pertnaability, 
little or J10 dirlnkage, aii adecjuate ease of punpabiliiy aa^ good 
chctnica) resistance, etc. Hie peamiKibility airf digpositicn of the 
soling Tiaterial shou3.d provic^e a seal capable of preventing &}v/ 
f^igiuf icaitt awojnt <rf fluid f lof betK«en the intericr erf the 
bare^o^c* and tlw £ks of tha oil shala farnntinn^ ao that tha 
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nxaiwfer of lieaC frccn th^c vjoli to the fonnation .ia aibntaotially 
«ntire.ly >5y caoiirluctici^. (^jtxc g^rtionti of tte iieat-iniecting wail 
boretola art? Bfftjct.iveJy incxeased in diaiw^tcr ncnr upjer 2ind lowei: 
cxtranltieft o£ tim trBertznent ijit^rval, for exan|>le/ undcr- 
a remvxg, the dlAouters of tJie incrHased pnrt^cns arp ynefera^ly at 
least a)>?ot 110% of Qie iiceninai borehnlH dLametcir* Calcjm 
ali£ninata*bon:?ed cODCXetes cuid/'or cenacrtfi oontoiniog oIuRtina- 
eilicxite cjggrBgates (or fine parcicJ.es) are particularly 4Uiltdjla 
Cor nso as such fanurtion frice^sealing ^Btcrria.13. I*^x^1j&9 of 

10 suitable csonEnts and oanoreted litcludi^ tlaam deBcnribed in 
intents aw-ch as 3,375>,252i 3,507,332 and 3,595,642. 

Figure 8 abcm a ponrtlon of a hcat-injoctlrtg wdl bcr«>haie, 
IxDrelxilo 1 , uhich ia ^uita^^l^i focr use in tlie present ii^v&ntion and 
X3 locatodt within a ti-oatcuent interval of subtexxanean o^l shala 

15 depof^.t. T^ciiolc 1 ocnt&ins unlotigwd particoB, &.uc^t aa pcKtims 2 
and 3, whicfo can l:^ forrnxl ir/ cacnveutional prooodorcs siicAi afi 
undori>^Kunir>9 during drillirq, etc. A caeing 4 is shewn positioned 
within the bort^hold smd oeicBcxtBd into placa witii a f luid- 
ijrpenreaJ3lo> l^t-condtictlw niarterial, mxdh aft osrent* 

20 Within each enlarged borehole portion, tho casing 4 is 

f%quin7ed with at leaat ona b^at^ccQiiductive meual eLeraeat* soch as 
collar 6r ocontAining rAdially extenai\« olenienta or pcirtio^ia/ such 
as fi^Uble netal TkBsbers 7. such hoatroonductivo imtcriAlfi torn 
rclAtively highly conductive patha for conducting beat froQ within 

25 the. interior of a borehole to subatacrtially the wall of an enlarged 
pc:rticn ot the baorehoJb&i GKan^les of ea^itablo heat-ooc^ductive netal 
elements includa cnatal vaxlX acratchexa, turboleim XnAa oer Sf 
oent]:ai^j?:ers and th? IjJoe such as a tlanmor-Lok Tatbcbood6r, or 
BoltLok IMrfabfaoodar, a^^ailabiQ fxcca BakerXirie division ot Bakx»r OU 

JO lools COT a 101 Bar S ocDtrdli^ur availablir frao AntaXopH Oil Tool 
mfi Maimfac^iurlng Conpan^*/ oto. 

With <)ii arangcHRnt of the t>'pe shorn in l^igare at ' least to 
aone ^octurstf t]te IlluL of baat trajmittad auMa-y frcn a haat- 
itijcctin;) well csm be made son uDifban along a vartical line 

J5 ti^avorslt^ a lay^r of relativaly low haat oonductivity withcrjt tha 



neceaaity of maintatnlt^ig a bi<jhiit tenperature in the pnrtiOT of the 
well LKijiicent to thac Layer. a unlCoun tudi(Misiture .-ia 
icaintaijacfd witJun tt» iixterior of t3*jt bartaiiDLa, the eartb fnniiatlon 
face alonrj i»udi an anlargBd portion of tlT» borcholo bcociEbs l^Botad 
to 5iub«ik<«ntlaaiy ti^ aaic tsBf>!n:atQxa a» tha fo^ToaiAcn face a.Icctj 
narcwer portions of tha bactthol*. sim» tVm faca of tho fonnatioa 
artjaining the borehole is haatod to tha hi.ghaJit tcn^seratare of any 
g?crkicx3 Id tha fcEosaiScn, Oin tef.TpCt}»itxurc 9rd;H«nt iftxtendiiig 
rftflUlly 2u«Ly fxon tha enlarged poctlcca &£ the lx>xO-tol« ia ahiftad 

^0 radially avmy ftm tioci bomhulek 

Tn general, th© heatlxig of tba intari o c of tha haat-iTijftrt-ing 
well can ba aaccRplished by subetarttittUy any typs of hsatirg 
clevioef fieucb as cacbuati<» and/or electrical type of hcatin:j 
olcments^ or thst Ilka, l^a bBsti2>g eleoent 5hcial4 extend 
fwihstan tidily tlOTugluxit tbut UmjU imi ^ interval (preferably 
t>inx)t|haut at Inast ^(bajt iSO iX!r ocut of tiutt inrtutval) . ^ftisra a 
caTfty.istim typa luaating al^icant is ueecl, a 9as**fixad heater la 
prafeiTGd. Tha and catidaixta ^ a contastlon h^ter (sucb ad 
mafchan« and o^si] aro praf erably aLippliBa tnau^h separate 

^•0 ccndbita leading thrcugh a heat exciharnpfir ij\ tha i nrTwrin g 

fluids ara haatad by tha outflcMixig ocxnbostica prodacts* Tbo bumar 
liousing and fluid conduits of a con^uation he»t3x ai^ pceteraibly 
inataXled v/itbin a wall conduit viiich is surreyjnded fay an ancxular 
apace thcit ia filled b^' tlie cement f>or sealing the face of tha oil 

25 sh!il3. oanerally stdtable typea of ccn&uaticQi heaters ^Uch could 
be arranged for use iu tl^ s^resGitt prooe&a are daacrihad in OS 
DutentB such aa 7,070,802) 2,780,430 and 2^902,270. 

An electrical re?lstaaoc hosttor is particalariy suitable for 
b&atlfiQ tba interior of a heat-injecting well in the present 
process. A pUxrality of rc&istafi^e dE^naats are preferably uaeid. 
Tha nRBiatance elenmts cm be mounted within or cxtornal to an 
internal conduit or rod, or sij^ly wtendail into the toroholc Vfllhan 
tbn raaiatonces ore HXtamal tn, or axe free cyf a ^ppcrbing 
eletetxtr such as a conduit or rodr thsy ara praferably embedded in 

'^^ die ccircnt s^^ich ccais tJte faoa of tho oil tihala along tha 
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ticataifiat UxtAtvaX^ GRwraTly suitablo types of cjlectrical ttotora 
which could ba oxnuigvd for ub9 in the present i>roce::;& are 
dencKbea In UU PatoitC SUCfe «Ltf 2,472r445r Z.'iBApOC.l? 2,670,802| 
2,7.^2,195 aovi 3,954,826. 

In vari.QOQ reservoir situaticnft, ^ortloofl or oii crU HhaiA 
d)q>o&it \ifhicb Mculdr in 9si'ieT;al^ be sttitgfolc far uu* a txifobaect 
interval r Att d^iiscxibttd in cur p^nRnt app)JcatlCD« cnay bo p£^XQ»atBd 
by nauural fractircsii aid/or piar«a of weaXnesos. Guc3\ relatively 
weak rncks nay r<:lotivcly lc«g ext«naic»ui of vertical 

frat±urH« wbea pnrwwurizcd Clul/to b&iJig clii^jlaca^ £»kiay frun an 
iujoctica wall iicA'ii into ttnia. This Ti«y result in cxliendiaj fluid 
^siKjugewcvys Ix^'ond tJio opcnijiga into pxductico will a Brd/or into 
^uljooent aquifiTrs ogipabllG of causing an Inflor o£ «KitiBr to ttD 
extsnt distrijtsntal to tlhe oil rooovcry process. 

19c. bsSiVn iJMf di»uuveoed thart ood) pr^eoature fracture exl;ertsiarL9 
caji be acTOi(3od hy drillLfjig sacjd hBartdjv? "gnartl walls^ vithin audi 
relatively oil sJialo zcnss is locations eurrootdin^ a pattern 
of Jteflt. injectitg ajvi fluid producing v?ell5 suad/or in locatiottM 
ii^tcnidttent bBtwaen a heat injecting oi: fluid ^odusing \«11 atM3 
aj^ ad^acont aquifiar. Sixch guard wvllii ax« usaitk for oasiductively 
hiaatuig Uie adjoiaijnig foooDnatiotifl a ub aL m tially t^troo^iout thA lyil 
n>iale inten'al bo be treftted bo a tcseperature which ifi too lo^ to 
gasify fiignifiuant p i op cu biocia of the oil sliale organic ooop^nsnts 
but is high enough to oau£^ a fdynificant thatinal pjcpansdcn of thn 
rocks* U'hiai thoflfl rocks are lieated the natural fracturac ore hs\gt 
closed and ttm fracturing causel by the aFpToa<^in9 pressufTlzed 
f inids (displaced away fxoca liciat-ia^cting walls) tends to )^ 
liiidtoc^ to horiecntal fracturea oonnantrated alor.g tha eidea iwceat 
tn the h9at.->n;iectln9 walls, vtbcro fliiid producii^ v&Um are 
located sobtttzmtially betweaa the heat^XYviecting vella ard the 
guard veils r t]*.je fractures ekrc f^refttfentlalty uarteAdhd into tins 
well?, vherc tJ'je liigh fluid pcossures axe cpiiddy reduoid by thft 
^mtix^ion of tJ59 inflcwing f Ixjid- 

ThH esncoantering of such relatively ^waak reservoir rocJcs is 
apt to be ircHcsrtaca bj' an inflow Oif weter into «1Lb drilled into 
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such xocte* m gssaralp tha MturiU firactuwo^ tirniitxTvai a Teiat.i\'« 
w©&fciies!5 anrl/or water inflcw con }x tbertnally cloGrtJot ijy a 
r«lati\'«.ly mild h^atij^, a* Lcng 3fl tho fxRCturc poroGity ifi iwt 
th>U) oi'Crjt 5 pur cfirttu 
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C T/ A I M S 

L . In a ptroodes in *M.dti oil is pnodnoad frm a ?^terra3iC)3n oil 
Ahal« d«ipQ9lk by extending sit luaat one each of haar^iujectiJig and 
iluidr-priaducin9 into th& dcpooit, &£tdbli&^urg a beivt*> 

OQncIucbls;« f luidhixi^eTineabio barrier boArwoon tiia ijite£l<»r oC oadn 
heat-in^cckin9 woll caul tha adjacent despoait, and then b«at:ing t\y» 
intecioT of eei<^ heat-injocting w«ll at a tesperatoxv eufSiciertt to 
cxviductivEily beat oil shale icerocfsn and OAUze Fyrolysl& products to 
fom fracture i^ithin thu oik 3hale deposit (rhrcugb tbo 
pyrnlysift products arc displaced i£±o at least am ptroducticr) wsll« 
<(n iTi^nccvraent fior chhancingr' tbft uoifannity of the iiaat frmta 
novin? throfjgh the oil shale clcpoait, \&iich occnpciscfii 

datezmiiiing varistiona vit Ji 6ej^ tha C0RCX)9itjoa and 
pCQpCJCtios o£ -dra oil ehols dspoait; 
oocnpleting said liaat-injecting and fltaid-ptcdocing fcallfc 
fisiectlvely into a txoattiunt. interval o£ oil fihalft in which 
tha oil shaXe deposit taj la at least abcrut 30 ni thicks (b) is 
substantially xmpazmaable and free of noblXa Vtiter, (c> haa a 
occpoaitioei and iMcikn&be euch tha:t the ptoducrb of tlia axi^agc 
Fiachar Afinay grada times t]» thictoess of tha treabnent 
interval ia at iaaet ab^ot 900 # and (d) tbareby contadna 
ocnpoiients capable o£ intoracting in a ttonnar enhancing tba 
unifotmity of a front oC oondaottvoly tranfanlttcd hoat, witb 
said wt^lla b^lngr arrdngad ao that, at lc%ast substantiaUy 
ctocig^hTixt aaid tra&aaent inixrval, tlve vaall borebolea are 
9UbstaDtially ).>arallal and ara aa para tad by aubatantially 
ecfua>. distancsea of at least about 6 ra; and 
withia tha iatarior of each heat-irijaoting naintatning an 
avbtttfjto teaparature which, aeZectivsly aloiu; Raid treatment 
intoirval, is at Ifiast about ^ ""C, hat ia not high ackou^h to 
thmoally daroge a^l]xrcnt within the well, whild baat is 
belJig tranamitbad away fian the wdl at a rate not sic^- 



ficattLly fastor than that ijarndtted by the thaiaial caon- 
Axtivities of the earth liaittBiticnSi adjituHnt to tba tmsArn^ 
intarval within U» WBll. 

2. "OxG pofoce^ of claim 3 in which, to th» extent Tiegidre*^ to 
3 kficp tlttt ratu w^iicfi ?ieat is transidttad thrcne?h tt\8 Oil s^ale 

deposit ^wbctantlAlly unliunu along tbu axes of tha heated interr/al 
of tha heat^-ixsjoctln? veJd/ the tEOporaturo at uiiicis at 
leawt CT» hwt-injocting well is heatoa is relatlv'ely iii-gher at 
d^)thji adjacBnt to pcartixsna of the oil sil»l© cteposit tn which tl^^ 
10 boat oonductivitias ora reiativeXy louar^ 

3. Ihe pocccoss of claiu l in whida tha rata of huatin^ the 
inttariOT of at least oma Ireat-injectlDg wsll lo varied to an cattcat 
caudir^ dn effective lje\'ellLn7 off of the bhsanal f ronst rso t:hat tha 
rata <^ ^id^fssnem thnoucih the oil ijhAle of tha tb;»cml. i^ront in 

iS cx:acijsQed at ^Mbstoitially tha sziina rat& uhlla tha x^ftta of Licry^aa 
of ttM tflipwratur* wii^iin th» 3x>rdTolt> ia si-^pificsuntly xodooed, 

4. aba paxyjem of claiJD 1 in vibijdb th« heat-jjijocting ana 
fluidr'I^niducing mlis ara arxoaa^ in a sariaa o£ contiguoua 
pattenu in which aac^ f luid-proe9ucing vail is auixojcidad by at 
leeat four lu^^injectin? v^lla. 

3* Tha pcooaaa of daw 4 in whi<* esK^ fluidrpKoaacing waU is 
sortounded ty twalve Iteafc-injcating ^elln. 
6* I'hff prcoess of oiairo I ia vMcb tlia oil fifaalc cradb is at 
Xeaat about 20 gallons per ton zmd tha graae-thicteera proAact i»" 

23 At leaat about 

7 . I!h« proocss of olaliu 1 r coug> r i & . ln 9 the atapa of 

in each heat-in j«ct 1^9 wel3 , 9;tot97Ttially thccaQhoat the 
tTDstcnent intecvai^ saalitsg tbe fao& of tha oil ah&la foooBrtion 
with a solid nataHal utxicb ia relati^'aly heat'^ooodncbiva aid 

30 sitetacrtially fluid ijoopannBablaf 

iu at least ona heat^injecting vail iiycrrywlng tha effective 
difonvmr of Che bocRhoLa in at leaet oue portion of tha ixeaotcct 
intarv^ asiJ at least ana batr-ceDE^tactive vartal eleenaot 

fecn within tte of tho borahola to na&r the faoa of the 

33 Go-Enlarged portion of tbe borcholer, and 

in oacft Xluid-Foroduclng «all, sub^;antiaUy tiorooghout tha 
trwtnent intcrvad, ectablijrfting fluid ooanunicatixn betwaen the 
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well bore eu^jfi the oil Gibalo famatica and arcangijng ch» w\ I tor 
prrdiic-inq fluirt frcw (.he oLl shalft foncacion. 

B . Tha process of ciLain 7 in vhich tin irateriai saalin? t>itt f aue 
of thi& oil shula icanatiotx alont? the bnc«bol« oi: a tsdft-in jvcbliig 
;vell L3 a oemvt arrangad to fill aubstaotially £ill o£ tbc :^pace 
belwren the outoxuo&t xnatallicr elecoidrttft wltiLld tho Inturlor of tho 
borehole and i^ac? of oil slVLle fcmnation/ vdCh, oam^t: 
having a thisinnal C30o<4uctj.vity at Jeacrt Fsuibfitarttiaily aa high a% 
that of tl^ oil tibaltt foxin&ticad. 

9. 'Hie pofcccsa of olftim 1 ui u^da ^t lw»t ens well located near 
ap ©dgn of a pattetji o£ heat-injecting air^ fluia-proi^.?\g walla i» 
^tfisTjJdj eilbHtantially Uurcuqhout ths treiaCzaent intarval And iiHurbed 
At a tcoi^rature* hi^i enjixih to coufta a thexnol cd^indirDg Ytrtd/or 
conprcssivc stressing of tho adjaosnt earth Ccztnatlons bist lc»r 
enough to avoid aignificant tl'iemal lobblliTxitlon of or^iuc 
OQDfxxiBntfi of tbtt oil afaaia. 

LO. -Che prooosa of claim 9 in uhicb at Xcsaat oca so heafcad wll is 
fiubsequotitly heated at about thA tcasporature selectad for the 
Seating of tha 3;aat-lnjecfcing wella being enplcyad* 
ll« ThQ pircoeaa of c3am I in ndiicli th9 wall bcaebrjleft o£ said 
h£^t-injc^*tioci and flttid pcnrtnrSnci walla nxa separated by 
i>iibsitantlally equal distanoea of about 9 to 30 ou 
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ahile oil i£ fiubeoguently pgoduoBd frcu a sids^faorranoan 
interval of oil sJiala, vciiere die Intarval is initially 
substantially ln5«ni©abie an4 contaijiB a tapacifdad grad e and. 
tbickneOT of oil 3haaa. Said intwrv'al is oonductivety heated fron 
bf)L^bol«3 iJYterlora wblcb aio kept hottar than alxDUt fiOO and ar« 
bcatod at a rate swdi that kerogen pyrolysls product?? foarned wi.tfcitn 
the oil ebO^ create ^d tlad thrdrjgh hcariacntal £rafiturea O^idh 
aubeeqtifititly beocMO cflct^ndsd Infco fUxld-i^roajclxsg vrolls that ate 
poalllogfied in 3pflcif:ied locatione* 



